Introduction {#S0001}
============

Gastric cancer (GC) is the second leading cause of cancer death worldwide, especially in some eastern Asia countries, including China, Japan and Korea.[@CIT0001]--[@CIT0003] Despite some improvements in early detection and therapeutic in recent decades, the survival time of GC patients is still short and more serious in the advanced stage.[@CIT0004],[@CIT0005] Therefore, it is urgent to search for novel therapeutic targets for GC patients.

Long non-coding RNAs (lncRNAs), a group of non-coding RNAs with the length of more than 200 nucleotides (nt), may affect target gene expressions at the transcriptional and posttranscriptional stages.[@CIT0006] In GC, a number of reports showed that lncRNAs, including lncRNA GIHCG,[@CIT0007] ATB,[@CIT0008] FEZF1 antisense RNA 1 (FEZF1-AS1),[@CIT0009] SNHG15[@CIT0010] and CRNDE,[@CIT0011] were aberrantly expressed as well as related to the processes in cancer progression. HOX transcript antisense RNA (HOTAIR), located on human chromosome 12, has been documented to play an oncogenic role in cancer. Previous researches indicated that HOTAIR dysregulation was associated with cancer progressions, such as ovarian cancer[@CIT0012] and colon cancer.[@CIT0013] However, the biological mechanism of HOTAIR in GC was rarely reported.

MicroRNAs are a class of small RNAs with about 22 nt in length and suppress target gene expression by inhibiting the translation of message RNAs (mRNAs) or mediating the degradation mRNAs.[@CIT0014] Emerging evidence implicated that microRNA miR-618 was abnormally expressed in breast cancer,[@CIT0015] prostate cancer[@CIT0016] and anaplastic thyroid cancer,[@CIT0017] as well as in GC.[@CIT0018] Krueppel-like factor 12 (KLF12) is encoded by the KLF12 gene which is located on human chromosome 13. KLF12 was also reported to dysregulate in endometrial cancer[@CIT0019] and GC.[@CIT0020] Phosphoinositide 3-kinases (PI3K)/protein kinase B (AKT) signaling pathway, a signal transduction pathway and one of the most frequently deregulated pathways in cancer, is implicated to the pathogenesis of various human cancers.[@CIT0021] However, the mechanisms of miR-618 and KLF12 were barely defined in GC. In this study, we mainly explored the mechanism of HOTAIR in GC, thus in turn providing novel therapeutic target for GC patients.

Materials and Methods {#S0002}
=====================

Tissue Samples {#S0002-S2001}
--------------

The study was approved by the Ethics Committee of The First Affiliated Hospital of Zhengzhou University and performed according to the Declaration of Helsinki Principles. Thirty-five GC tissue samples were collected from The First Affiliated Hospital of Zhengzhou University as well as thirty-five corresponding adjacent normal tissue samples. The GC patients (n=35) were divided into two groups: patients with low HOTAIR expression (n=16) and patients with high HOTAIR expression (n=19). All tissue samples were immediately frozen in a −80°C refrigerator until further use. Written informed consent was provided by all GC patients or guardians.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

Two human gastric carcinoma cell lines MGC-803 (CQ80145) and AGS (H007) and human stomach normal epithelial cell lines GES-1 (H054) were purchased from ChuanQiu Biotechnology (Shanghai, China). All cells were cultivated in Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific) and 1% penicillin/streptomycin (Invitrogen, Carlsbad, CA, USA) in an incubator with the conditions of 37°C and 5% CO~2~.

Small interfering RNA (siRNA) targeting HOTAIR (si-HOTAIR\#1, si-HOTAIR\#2, si-HOTAIR\#3) and negative control (si-NC), miR-618 mimics (miR-618) and negative control (miR-NC), miR-618 inhibitor (in-miR-618) and negative control (in-miR-NC), HOTAIT overexpression plasmid (HOTAIR) and KLF12 overexpression vector (KLF12) were all obtained from GenePharma (Shanghai, China). The transfection was performed using Lipofectamine 2000 (Invitrogen) according to the reference.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------

The RNA from MGC-803 and AGS cells was extracted using Trizol reagent (Thermo Fisher Scientific). After the detection of the concentration, the RNA samples were subjected to synthesize cDNA using miScript RT Kit (TaKaRa, Dalian, China). The quantitative PCR was performed using SYBR Premix Ex Taq II (TaKaRa) on a 96-well Real-Time system (Bio-Rad, Shanghai, China). The relative expression of HOTAIR, KLF12 and miR-618 was calculated by the method of 2^−ΔΔCt^ and normalized by GAPDH or U6, respectively. The primers were synthesized in Beijing Genomics Institute (BGI, Shenzhen, China) and listed as follows: HOTAIR: (forward, 5ʹ-CAGTGGGGAACTCTGACTCG-3ʹ, reverse, 5ʹ-GTGCCTGGTGCTCTCTTACC-3ʹ); miR-618: (forward, 5ʹ-CGGCGGAAACTCTACTTGTCCTT-3ʹ, reverse, 5′-ATCCAGTGCAGGGTCCGAGG-3ʹ); KLF12: (forward, 5ʹ-CACCTGGAAATGTGAACAACA-3ʹ, reverse, 5ʹ-TTTTACTTTGTCTGGGAGATAGGC-3ʹ); GAPDH: (forward, 5ʹ-TGTTCGTCATGGGTGTGAAC-3ʹ, reverse, 5ʹ-ATGGCATGGACTGTGGTCAT-3ʹ) and U6: (forward, 5ʹ-CTCGCTTCGGCAGCACA-3ʹ, reverse, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ).

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2004}
---------------------------------

CCK-8 (Beyotime, Shanghai, China) was used to measure the cell viability. In brief, the MGC-803 and AGS cells (4×10^3^ per well) were seeded into 96-well plate and incubated for 0 hr, 24 hrs, 48 hrs and 72 hrs. Then, 10 μL CCK-8 reagent was injected into each well and incubated for another 2 hrs. The absorbance at 450 nm was measured via a spectrophotometer (Thermo Fisher Scientific).

Transwell Assay {#S0002-S2005}
---------------

Transwell chambers (Corning, Tewksbury, MA, USA) were used to detect the migrating and invading abilities of transfected MGC-803 and AGS cells. For migration, the upper chamber was supplemented with serum-free DMEM, while DMEM with 10% FBS was added in the lower chamber. After 24-hr incubation, the cells in the lower chamber were fixed with 4% methanol and then stained with 0.1% crystal violet for 24 hrs. The cell counted for 5 randomly selected fields under a microscope (Olympus, Tokyo, Japan). For invasion, the protocols were similar to those in migration. The difference is that the Transwell chamber was coated with a Matrigel matrix (BD Biosciences, San Jose, CA, USA) in invasion experiments.

Cell Apoptosis Assay {#S0002-S2006}
--------------------

Annexin V/PI cell apoptosis analysis kit (Servicebio, Wuhan, China) was used to evaluate the apoptotic rate of transfected MGC-803 and AGS cells. After digestion, the re-suspended samples were stained with Annexin V fluorescein isothiocyanate (FITC) and propidium iodide (PI) and further incubated for 15 mins. The cell apoptotic rate was analyzed by flow cytometry (BD Biosciences).

Western Blot Assay {#S0002-S2007}
------------------

The protein in MGC-803 and AGS cells was extracted by RIPA Lysis and Extraction Buffer (Thermo Fisher Scientific). Following the measurement of concentration, the protein samples were separated via sodium dodecyl sulfonate-polyacrylamide gel electrophoresis (SDS-PAGE). Then, the protein samples were transferred onto a PVDF membrane (Millipore, Billerica, MA, USA). The membranes were blocked in skim milk for 2 hrs and then incubated with primary antibody overnight at 4°C as well as the incubation with secondary antibody for another 2 hrs. The chemiluminescence intensity was evaluated using eyoECL Plus Kit (Beyotime). All the antibodies were purchased from Bioss (Beijing, China).

Dual-Luciferase Reporter Assay {#S0002-S2008}
------------------------------

The interactions between miR-618 and HOTAIR or KLF12 were predicted by DIANA tools ([<http://diana.imis.athena-innovation.gr>]{.ul}). The sequences of HOTAIR or its negative mutant were cloned and inserted into psiCHECK2 vector (Promega, Madison, WI, USA) to conduct the luciferase reporter, namely, HOTAIR WT or HOTAIR MUT. The co-transfection of luciferase reporter HOTAIR WT or HOTAIR MUT and miR-618 mimics or miR-NC were conducted using Lipofectamine 2000 Reagent (Invitrogen). The protocols were also applied to KLF12 3ʹUTR.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2009}
-----------------------------------

RIP assay was carried out using Magna RNA immunoprecipitation kit (Millipore). After lysis of MGC-803 and AGS cells with RIP lysis buffer, the sample was incubated with magnetic beads conjugated with anti-Ago2 or anti-IgG antibodies. The enrichment of RNA was measured by qRT-PCR.

Mice Xenograft Models {#S0002-S2010}
---------------------

The experiment in nude mice was performed according to the procedure and approved by the Animal Care Committee of The First Affiliated Hospital of Zhengzhou University. Six-week-old BALB/c nude mice were randomly divided into two groups (n = 6 per group) and implanted with AGS cells transfected with sh-HOTAIR or sh-NC. The tumor volume was measured every 7 d for 5 times and calculated with the (length × width^2^)/2 method. After injection for 35 d, the xenograft tumor was excised for the weight measurement or the further study.

Statistical Analysis {#S0002-S2011}
--------------------

Statistical analysis was performed using GraphPad Prism 7 (GraphPad, La Jolla, CA, USA). All values are presented as means ± standard deviation (SD). The comparison between two groups was processed by Student's *t*-test, while among three or more than three groups, it was analyzed by one-way analysis of variance (ANOVA) followed by Tukey's post hoc. *P*\< 0.05 was considered as statistical significance.

Results {#S0003}
=======

HOTAIR Was Strikingly Upregulated in GC Tissues and Cells {#S0003-S2001}
---------------------------------------------------------

It is well known that lncRNA HOTAIR plays a role as an oncogenic molecule in different cancer cells. To explore the potential roles in GC, we firstly detected the level of HOTAIR in GC tissues and cells. The qRT-PCR results showed that the level of HOTAIR was conspicuously elevated in GC tissues related to that in corresponding adjacent normal tissues ([Figure 1A](#F0001){ref-type="fig"}) as well as elevated in human gastric carcinoma cell lines MGC-803 and AGS compared to that in human stomach epithelial cell lines GES-1 ([Figure 1C](#F0001){ref-type="fig"}). In addition, we demonstrated that a high level of HOTAIR had a low survival rate, while the low HOTAIR expression associated with a high survival rate ([Figure 1B](#F0001){ref-type="fig"}). These results implied that lncRNA HOTAIR was apparently enhanced in GC tissues and cells.Figure 1HOTAIR was strikingly upregulated in GC tissues and cells. (**A** and **C**) The level of HOTAIR in GC tissues and cells was measured by qRT-PCR. (**B**) The correlation between survival rate and the level of HOTAIR in GC patients was investigated. \**P*\<0.05.

HOTAIR Knockdown Suppressed Cell Proliferation, Migration, Invasion and PI3K/ATK Signaling Pathway While Induced Cell Apoptosis in MGC-803 and AGS Cells {#S0003-S2002}
--------------------------------------------------------------------------------------------------------------------------------------------------------

To investigate the functions of HOTAIR, si-HOTAIR was transfected into MGC-803 and AGS cells. The qRT-PCR results confirmed the knockdown efficiency, indicated by the notable downregulation of HOTAIR in MGC-803 and AGS cells ([Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}). Furthermore, the CCK-8 assay exhibited that si-HOTAIR significantly constrained cell viability in MGC-803 and AGS cells ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Also, the Transwell assay presented that the transfection of si-HOTAIR\#2 remarkably reduced the cell migrating and cell invading abilities in MGC-803 and AGS cells ([Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}). The flow cytometry showed that the apoptotic rate was distinctly promoted in MGC-803 and AGS cells transfected with si-HOTAIR\#2 ([Figure 2G](#F0002){ref-type="fig"}). Besides, the Western blot assay indicated that the ratios of p-PI3K/PI3K and p-ATK/ATK were both declined in MGC-803 and AGS cells transfected with si-HOTAIR\#2 ([Figure 2H](#F0002){ref-type="fig"}). These data implicated that HOTAIR depletion repressed cell proliferation, migration, invasion and PI3K/ATK signaling pathway but promoted cell apoptosis in MGC-803 and AGS cells.Figure 2HOTAIR knockdown suppressed cell proliferation, migration, invasion and PI3K/ATK signaling pathway but induced cell apoptosis in MGC-803 and AGS cells. (**A, B**) The level of HOTAIR in MGC-803 and AGS cells transfected with si-HOTAIR\#1, si-HOTAIR\#2, si-HOTAIR\#3 or si-NC was detected via qRT-PCR. (**C**--**H**) The MGC-803 and AGS cells were transfected with si-HOTAIR\#2 or si-NC. (**C** and **D**) The cell viability in transfected cells was evaluated by CCK-8 assay. (**E** and **F**) The cell migrating and invading abilities in transfected cells were measured via Transwell assay. (**G**) The apoptotic rate in transfected cells was assessed by flow cytometry. (**H**) The protein levels of p-PI3K, PI3K, p-ATK and ATK in transfected cells were detected via Western blot assay. \**P*\<0.05.

miR-618 Was Negatively Interacted with HOTAIR and Was Markedly Decreased in GC Tissues and Cells {#S0003-S2003}
------------------------------------------------------------------------------------------------

To search the biological mechanism of HOTAIR in GC, DIANA tools online database was utilized to predict the putative target of HOTAIR. The results showed that miR-618 had complementary binding sites with HOTAIR ([Figure 3A](#F0003){ref-type="fig"}). Following dual-luciferase reporter assay indicated that the transfection with miR-618 mimics resulted in the dramatical decrease of luciferase activity of HOTAIR WT reporter in MGC-803 and AGS cells, while the luciferase activity of HOTAIR MUT had no significant fluctuation in any group ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). Also, the RIP assay presented that the level of HOTAIR was distinctly more enriched by Ago2 antibody in MGC-803 and AGS cells transfected with miR-618 in contrast to in IgG group ([Figure 3D](#F0003){ref-type="fig"}). Moreover, the qRT-PCR results showed that the level of miR-618 was significantly downregulated in GC tissues and cells ([Figure 3E](#F0003){ref-type="fig"} and [F](#F0003){ref-type="fig"}). The scatter diagram indicated that the level of HOTAIR was negatively linear correlated with the level of miR-618 ([Figure 3G](#F0003){ref-type="fig"}). Additionally, the level of HOTAIR was strikingly increased and the level of miR-618 was evidently reduced in MGC-803 and AGS cells transfected with HOTAIR, while the transfection with si-HOTAIR\#2 contributed to the downregulation of HOTAIR and the upregulation of miR-618 ([Figure 3H](#F0003){ref-type="fig"} and [I](#F0003){ref-type="fig"}). Taken together, these data demonstrated that miR-618 was a direct target of HOTAIR and was downregulated in GC tissues and cells.Figure 3miR-618 was negatively interacted with HOTAIR and was markedly decreased in GC tissues and cells. (**A**) The complementary sequences between miR-618 and HOTAIR as well as the sequences of HOTAIR mutant are shown. (**B** and **C**) The luciferase activity of luciferase reporter HOTAIR WT or HOTAIR MUT in MGC-803 and AGS cells transfected with miR-618 or miR-NC was assessed via dual-luciferase reporter. (**D**) The enrichment of HOTAIR in anti-Ago2 or anti-IgG-labeled MGC-803 and AGS cells transfected with miR-618 or miR-NC was evaluated by RIP assay. (**E** and **F**) The level of miR-618 in GC tissues and cells was measured via qRT-PCR. (**G**) The correlation between HOTAIR and miR-618 was analyzed by Pearson test. (**H** and **I**) The MGC-803 and AGS cells were transfected with HOTAIR, si-HOTAIR\#2 or their matched negative controls. (**H**) The level of HOTAIR was detected via qRT-PCR. (**I**) The level of miR-618 was measured by qRT-PCR. \**P*\<0.05.

miR-618 Inhibitor Counteracted the Inhibitory Impacts on Cell Proliferation, Migration, Invasion and PI3K/ATK Signaling Pathway, as Well as the Facilitated Effect on Cell Apoptosis in MGC-803 and AGS Cells Caused by HOTAIR Silencing {#S0003-S2004}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To explore the functions of HOTAIR and miR-618 in GC, the si-HOTAIR\#2 and in-miR-618 were co-transfected into MGC-803 and AGS cells. The CCK-8 assay showed that the transfection with miR-168 inhibitor reversed the suppressive effect on the cell viability in MGC-803 and AGS cells caused by si-HOTAIR\#2 ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). Subsequently, the Transwell assay exhibited that miR-618 inhibitor mitigated the repressive impacts on the migrating and invading abilities in MGC-803 and AGS cells transfected with si-HOTAIR\#2 ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). Furthermore, the flow cytometry implied that the apoptotic rate was reverted in MGC-803 and AGS cells co-transfected si-HOTAIR and in-miR-618 compared to that in si-HOTAIR\#2 group ([Figure 4E](#F0004){ref-type="fig"}). Besides, the Western blot assay demonstrated that the downregulation of miR-168 alleviated the suppressive effects on the ratios of p-PI3K/PI3K and p-ATK/ATK in MGC-803 and AGS cells transfected induced by si-HOTAIR\#2 ([Figure 4F](#F0004){ref-type="fig"}). To sum up, these results revealed that miR-618 inhibitor relieved the inhibitory impacts on cell proliferation, migration, invasion and PI3K/ATK signaling pathway as well as the accelerated effect on cell apoptosis in MGC-803 and AGS cells induced via HOTAIR depletion.Figure 4miR-618 inhibitor counteracted the inhibitory impacts on cell proliferation, migration, invasion and PI3K/ATK signaling pathway as well as the promoted effect on cell apoptosis in MGC-803 and AGS cells caused by HOTAIR silencing. (**A**--**F**) The MGC-803 and AGS cells were transfected with si-NC, si-HOTAIR\#2, si-HOTAIR\#2 + in-miR-NC or si-HOTAIR\#2 + in-miR-618. (**A, B**) The cell viability in transfected MGC-803 and AGS cells was assessed via CCK-8 assay. (**C, D**) The cell migrating and invading abilities in transfected cells were measured by Transwell assay. (**E**) The apoptotic rate in transfected cells was evaluated through flow cytometry. (**F**) The protein levels of p-PI3K, PI3K, p-ATK and ATK in transfected cells were detected via Western blot assay. \**P*\<0.05.

KLF12 Was a Direct Target of miR-618 and Significantly Enhanced in GC Tissues and Cells {#S0003-S2005}
---------------------------------------------------------------------------------------

To explore the mechanism of miR-618 in GC, DIANA tools online database was used to search the putative target of miR-618. The results presented that KLF12 3ʹUTR had complementary sequences with miR-618 ([Figure 5A](#F0005){ref-type="fig"}). The dual-luciferase reporter assay implicated that the luciferase activity of KLF12 3ʹUTR-WT reporter was effectively declined in MGC-803 and AGS cells transfected with miR-618 related to that in miR-NC group; however, the luciferase activity of KLF12 3ʹUTR-MUT reporter had no apparent change in any treatment ([Figure 5B](#F0005){ref-type="fig"} and [C](#F0005){ref-type="fig"}). Moreover, the qRT-PCR assay indicated that the level of KLF12 was remarkably augmented in GC tissues and cells ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}). In addition, the scatter plot exhibited that the level of KLF12 was negatively linear correlated with the level of miR-618 ([Figure 5F](#F0005){ref-type="fig"}). The Western blot assay implied that the protein level of KLF12 was obviously retarded in MGC-803 and AGS cells transfected with miR-618 in comparison with that in miR-NC group ([Figure 5G](#F0005){ref-type="fig"}). These results manifested that KLF12 was negatively interacted with miR-618 and significantly upregulated in GC tissues and cells.Figure 5KLF12 was a direct target of miR-618 and significantly enhanced in GC tissues and cells. (**A**) The complementary sequences between miR-618 and KLF12 3ʹUTR as well as the sequences of KLF12 mutant were exhibited. (**B** and **C**) The luciferase activity of luciferase reporter KLF12 3ʹUTR-WT or KLF12 3ʹUTR- MUT in MGC-803 and AGS cells transfected with miR-NC or miR-618 was assessed via dual-luciferase reporter. (**D** and **E**) The level of KLF12 in GC tissues and cells was measured via qRT-PCR. (**F**) The correlation between KLF12 and miR-618 was analyzed by Pearson test. (**G**) The protein level of KLF12 in MGC-803 and AGS cells transfected miR-618 or miR-NC was detected via qRT-PCR. \**P*\<0.05.

KLF12 Overexpression Alleviated the Restraint Effects on Cell Proliferation, Migration, Invasion and PI3K/ATK Signaling Pathway and the Facilitated Impact on Cell Apoptosis in MGC-803 and AGS Cells Induced by miR-618 Mimics {#S0003-S2006}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Based on the earlier results, we demonstrated that KLF12 was a direct target of miR-618. Subsequently, the functions of miR-618 and KLF12 were further studied. The CCK-8 assay exhibited that the cell viability was relieved in MGC-803 and AGS cells transfected with KLF12 caused via miR-618 ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). Meanwhile, the Transwell assay implicated that the overexpression of KLF12 mitigated the restraint effects on cell migration and invasion ability in MGC-803 and AGS cells promoted by miR-618 ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). Furthermore, the flow cytometry results showed that the apoptotic rate was apparently elevated in MGC-803 and AGS cells transfected miR-618, while the emergence of KLF12 weakened the promoted effect on cell apoptotic rate ([Figure 6E](#F0006){ref-type="fig"}). Besides, the Western blot assay uncovered that KLF12 overexpression regained the ratios of p-PI3K/PI3K and p-ATK/ATK in MGC-803 and AGS cells inhibited by miR-618 ([Figure 6F](#F0006){ref-type="fig"}). These data suggested that KLF12 overexpression receded the constraint effects on cell proliferation, migration, invasion and PI3K/ATK signaling pathway and the promoted impact on cell apoptosis in MGC-803 and AGS cells caused by miR-618 mimics.Figure 6KLF12 overexpression alleviated the restraint effects on cell proliferation, migration, invasion and PI3K/ATK signaling pathway and the facilitated impact on cell apoptosis in MGC-803 and AGS cells induced by miR-618 mimics. (**A**--**F**) The MGC-803 and AGS cells were transfected miR-NC, miR-618, miR-618 + pcDNA or miR-618 + KLF12. (**A, B**) The cell viability in transfected MGC-803 and AGS cells was assessed by CCK-8 assay. (**C, D**) The cell migrating and invading abilities in transfected cells were measured via Transwell assay. (**E**) The apoptotic rate in transfected cells was evaluated through flow cytometry. (**F**) The protein levels of p-PI3K, PI3K, p-ATK and ATK in transfected cells were detected via Western blot assay. \**P*\<0.05.

HOTAIR Depletion Downregulated KLF12 Expression by Targeting miR-618 {#S0003-S2007}
--------------------------------------------------------------------

To explore the relationship among HOTAIR, miR-618 and KLF12, MGC-803 and AGS cells were co-transfected with si-HOTAIR\#2 and in-miR-618. The qRT-PCR showed that the level of KLF12 was regained in MGC-803 and AGS cells transfected with in-miR-618 suppressed by si-HOTAIR\#2 ([Figure 7A](#F0007){ref-type="fig"}). Also, Western blot assay indicated that miR-618 inhibitor rescued the protein level of KLF12 in MGC-803 and AGS cells transfected with si-HOTAIR\#2 ([Figure 7B](#F0007){ref-type="fig"}). In addition, the qRT-PCR results exhibited that the level of HOTAIR was positively linear correlated with the level of KLF12 ([Figure 7C](#F0007){ref-type="fig"}). These data unraveled that HOTAIR silencing downregulated KLF12 expression by regulating miR-618.Figure 7HOTAIR depletion downregulated KLF12 expression by targeting miR-618. (**A, B**) MGC-803 and AGS cells were transfected with si-NC, si-HOTAIR\#2, si-HOTAIR\#2 + in-miR-NC or si-HOTAIR\#2 + in-miR-618. (**A**) The level of KLF12 in transfected cells was measured by qRT-PCR. (**B**) The protein level of KLF12 in transfected cells was detected via Western blot assay. (**C**) The correlation between HOTAIR and KLF12 was processed by Pearson test. \**P*\<0.05.

HOTAIR Depletion Constrained Xenograft Tumor Growth in vivo {#S0003-S2008}
-----------------------------------------------------------

To further investigate the role of HOTAIR in GC, sh-HOTAIR was transfected in AGS cells and then injected into mice. The measurement results implicated that the tumor volume and weight were both declined in mice injected with sh-HOTAIR related to that in sh-NC group ([Figure 8A](#F0008){ref-type="fig"} and [B](#F0008){ref-type="fig"}). The qRT-PCR results presented that the level of HOTAIR was notably decreased, and the level of miR-618 was obviously enhanced in sh-HOTAIR group compared to that in sh-NC group ([Figure 8C](#F0008){ref-type="fig"} and [D](#F0008){ref-type="fig"}). The qRT-PCR and Western blot assay showed that the mRNA and protein levels of KLF12 were both distinctly downregulated in sh-HOTAIR group ([Figure 8E](#F0008){ref-type="fig"} and [F](#F0008){ref-type="fig"}). Besides, the Western blot assay indicated that the ratios of p-PI3K/PI3K and p-ATK/ATK were also evidently declined in sh-HOTAIR group ([Figure 8G](#F0008){ref-type="fig"}). To sum, these results uncovered that HOTAIR silencing restrained xenograft tumor growth in vivo.Figure 8HOTAIR depletion constrained xenograft tumor growth in vivo. (**A**--**G**) The mice were injected with AGS cells transfected with sh-HOTAIR or sh-NC. (**A, B**) The tumor volume and weight in treated mice are presented. (**C, E**) The levels of HOTAIR, miR-618, and KLF12 in xenograft tumor were measured by qRT-PCR. (**F, G**) The protein levels of KLF12, p-PI3K, PI3K, p-ATK, and ATK in xenograft tumor were evaluated via Western blot assay. \**P*\<0.05.

Discussion {#S0004}
==========

Gastric cancer is the second leading cause of cancer-related death in the world.[@CIT0003] Accumulating evidence reported that lncRNAs play crucial roles in cancer. In this research, we explored the biological mechanism of lncRNA HOTAIR in GC. The results indicated that HOTAIR modulated KLF12 expression to promote cell proliferation, migration and invasion and repress cell apoptosis in GC through PI3K/ATK signaling pathway by sponging miR-618.

Recent researches indicated that HOTAIR was aberrantly expressed in diverse cancers. For example, a previous study in ovarian carcinoma indicated that the level of HOTAIR was apparently increased in ovarian carcinoma tissues and cell lines than that in the negative controls.[@CIT0012] Another study in colon cancer documented that the relative expression of HOTAIR was significantly upregulated in colon cancer tissues than that in matched adjacent normal tissues.[@CIT0013] In this study, we validated that the level of lncRNA HOTAIR was significantly increased in GC tissues and cells (MGC-803 and AGS). Following the transfection of si-HOTAIR resulted in the remarkable decrease of cell viability, migrating and invading abilities, as well as the distinct increase of apoptotic rate in MGC-803 and AGS cells. Besides, the patients with a high level of HOTAIR associated with a low survival rate. The mice xenograft models also indicated that HOTAIR silencing constrained the xenograft tumor growth and the ratios of p-PI3K/PI3K and p-ATK/ATK in vivo. These results demonstrated that HOTAIR knockdown inhibited GC progression.

Recently, a hypothesis proposed that lncRNAs may act as competing endogenous RNAs (ceRNAs) to recruit miRNAs, thus resulting in the depression of miRNA targets.[@CIT0022] For instance, a study in cervical cancer showed that HOTAIR functioned as a ceRNA to sponge miR-143-2p and then resulted in the promotion of cervical cancer cell growth.[@CIT0023] Another study demonstrated that HOTAIR augmented cell proliferation, migration and invasion and suppressed cell apoptosis in colorectal cancer by sponging miR-197.[@CIT0024] Also, Dong et al reported that HOTAIR promoted cell viability, migration, invasion and epithelial--mesenchymal transition (EMT) in GC by sponging miR-217.[@CIT0025] In the present study, the dual-luciferase reporter assay and RIP assay verified that the miR-618 was a direct target of HOTAIR. Besides, we found that the level of miR-618 was conspicuously declined in GC tissues and cells and was negatively linear correlated with HOTAIR. The further functional experiments indicated that miR-168 inhibitor relieved the restraint effects on cell viability, migrating and invading abilities as well as the facilitated effect on apoptotic rate induced by HOTAIR depletion. These data manifested that HOTAIR promoted GC progression by sponging miR-618.

Emerging evidence manifested that KLF12 was involved in the cancer progression of various cancers. For example, Ding et al reported that KLF12 facilitated cell proliferation, migration and inhibited cell apoptosis in vitro as well as promoted tumor size in vivo in endometrial cancer.[@CIT0019] Another study in GC indicated that lncRNA TTN-AS1 modulated the expression of KLF12 to induce cell proliferation, cell migration and invasion and impaired cell apoptosis by targeting miR-376b-3p.[@CIT0020] In this study, we demonstrated that KLF12 negatively interacted with miR-618 by the results of dual-luciferase reporter assay. Furthermore, the level of KLF12 was apparently enhanced in GC tissues and cells and negatively linear correlated with the level of KLF12. The following functional study implied that KLF12 overexpression alleviated the suppressive impacts on cell viability, migration and invasion ability, as well as the promoted impact on the apoptotic rate in MGC-803 and AGS cells caused by miR-618 overexpression. The restoration experiments implicated that the transfection of miR-618 inhibitor regained the mRNA and protein levels of KLF12 in MGC-803 and AGS cells transfected with si-HOTAIR. These results unraveled that HOTAIR contributed to GC progression via miR-618/KLF12 axis.

Recent studies demonstrated that PI3K/AKT signaling pathway was implicated in many processes in tumor progression, including cell proliferation, metastasis and apoptosis.[@CIT0021],[@CIT0026] For example, a study in endometrial cancer indicated that KLF12 facilitated tumor progression in endometrial cancer by activating PI3K/ATK signaling pathway.[@CIT0019] Another study in human thyroid carcinomas demonstrated that miR-618 blocked tumor progression in thyroid carcinomas by confining PI3K/ATK signaling pathway.[@CIT0027] In the current research, HOTAIR depletion inhibited the protein levels of p-PI3K and p-ATK in GC cells by regulating miR-618. miR-618 confined p-PI3K and p-ATK expression by targeting KLF12 in GC cells. Furthermore, p-PI3K and p-ATK were also declined in sh-HOTAIR group. These data disclosed that HOTAIR/miR-618/KLF12-induced GC progression was mediated by PI3K/ATK signaling pathway.

In conclusion, we confirmed that the levels of HOTAIR and KLF12 were strikingly augmented and the level of miR-618 drastically decreased in GC tissues and cells. Combined with the functional and mechanistical experiment results, we concluded that HOTAIR positively regulated KLF12 expression to promote GC progression via PI3K/ATK signaling pathway by sponging miR-618.
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